mean pore diameter of 300 mm (range, 100 to 600 mm), which is designed to reduce implant mobility and, therefore, minimize the risk of rotation. [2] [3] [4] The Natrelle 410 breast implant was introduced initially in Europe in 1993 and was approved by the U.S. Food and Drug Administration in 2013. It is manufactured in 12 styles, combining different ratios of height (low, moderate, or full) and projection (low, moderate, full, or extra full). 4 Each style is designated by two letters corresponding to the height and projection, respectively (e.g., FM indicates full height, moderate projection). The long-term safety and effectiveness of Natrelle 410 implants are supported by results from a 10-year, prospective multicenter study. 5 At 10 years, satisfaction rates of subjects who received Natrelle 410 implants were 96 percent in primary augmentation, 93 percent in primary reconstruction, and more than 87 percent in revision procedures. 5 Capsular contracture and implant malposition are common causes for revision surgery after breast implantation. 6, 7 In the long-term study, these complications occurred at lower rates with Natrelle 410 compared with prior reports of standard round gel implants. 4, 5, 8, 9 Late seroma is a rare complication that manifests as fluid collection in the periprosthetic space occurring more than 1 year after implantation. 10 Interest in late seroma has increased because of its similar clinical presentation compared with breast implant-associated anaplastic large cell lymphoma. 11, 12 Most cases of late seroma have been observed in subjects receiving textured implants, but whether any relationship exists between a particular textured implant and late seroma is not clear. 13 The present report analyzes potential risk factors for development of capsular contracture, implant malposition, and late seroma in subjects receiving Natrelle 410 breast implants in two ongoing, prospective, multicenter studies.
PATIENTS AND METHODS
These analyses were based on data collected through July 31, 2014, in the Continued Access and Continued Access Reconstruction/Revision Expansion clinical trials. Data from these ongoing 10-year trials were pooled, as they had similar study designs. Natrelle 410 devices were implanted by surgeons certified by the American Board of Plastic Surgery with experience placing silicone-filled implants. Investigators for the Continued Access trial were required to have participated in the 410 pivotal study, and investigators for the Continued Access Reconstruction/Revision Expansion trial were required to have participated in either the 410 pivotal study or another Allergan-sponsored study of shaped gel implants. All investigational sites had sufficient support staff to meet the study's documentation objectives. Both studies were conducted in compliance with U.S. Food and Drug Administration requirements. Each site obtained approval from the relevant institutional review board before enrolling any subjects. All subjects provided written informed consent before surgery.
Subject Eligibility
The Continued Access study enrolled subjects presenting for primary breast augmentation, primary breast reconstruction, or breast implant revision surgery, whereas the Continued Access Reconstruction/Revision Expansion trial enrolled only subjects presenting for breast reconstruction or implant revision. Eligible subjects were aged 18 years or older, had adequate tissue available to cover the implants, and were willing to follow all study requirements. Subjects were excluded if they had advanced fibrocystic disease considered to be premalignant without accompanying subcutaneous mastectomy, breast cancer without mastectomy, an abscess or infection at the time of enrollment, any disease known to impact wound healing, tissue characteristics incompatible with mammaplasty, any condition that contributes unwarranted surgical risk, psychological characteristics incompatible with the surgical procedure or implant, or an unwillingness to undergo further surgery for revision if medically required. Subjects who were pregnant or nursing were also ineligible.
Data Collection
All subjects were scheduled for regular monitoring for 10 years after implantation. The development of capsular contracture, malposition, and late seroma (i.e., occurring >1 year after Incision site, incision size, implant location, antibiotic pocket irrigation, povidone-iodine pocket irrigation, capsulectomy at implantation, mastopexy at implantation, and hospital or surgical facility versus physician's office implantation) was documented on standardized case report forms at the time of occurrence and reported by investigators to the study sponsor. Potential risk factors related to the subject, implant, operation, and facility were collected on case report forms before implantation (Table 1) .
Statistical Analysis
A Cox proportional hazards regression analysis was performed for possible associations with the development of capsular contracture, malposition, and late seroma in each of the four study cohorts: primary breast augmentation, revision-augmentation, primary breast reconstruction, and revision-reconstruction. Marginal and multivariable models were constructed as appropriate for each of the potential risk factors; marginal models resulting in a significance of p < 0.25 were entered into a multivariable model, with a stay criterion of p < 0.01, using the backward elimination technique. Categorical covariate factors (e.g., inframammary versus periareolar site) and continuous covariates (e.g., body mass index, incision size) were analyzed using analysis of variance, or Kruskal-Wallis tests when a categorical and a continuous covariate were compared, chisquare or Fisher's exact tests when comparing two categorical covariates, or Pearson or Spearman correlation coefficients when comparing two continuous covariates (as appropriate). Statistically significant risk factors were presented as summary statistics. Unadjusted risk ratios were determined directly from the reported incidence of each complication for all marginal models, whereas the adjusted risk ratio and its 95 percent confidence interval were calculated from the multivariable model, which adjusts for the other significant predictors in the model.
RESULTS

Subjects
A total of 17,656 subjects received Natrelle 410 breast implants for augmentation (n = 5059), revision-augmentation (n = 2632), reconstruction (n = 7502), or revision-reconstruction (n = 2463) ( Table 2 ). At the time of implantation, the median age in these cohorts ranged from 36 to 54 years, and the median body mass index ranged from 20.9 to 27.4 kg/m 2 . Subjects in each cohort were predominantly white. Because of the ongoing study enrollment, some subjects have been studied through 10 years of follow-up, whereas others were more recently enrolled. All subjects had surpassed the 1-year time point after implantation, and 93.9 percent had surpassed the 2-year time point. Mean follow-up after implantation was 4.1 years for the augmentation group, 3.7 years for the revision-augmentation group, 2.9 years for the reconstruction group, and 3.5 years for the revision-reconstruction group.
Devices
A total of 31,985 devices were implanted, including 10,091 in the augmentation cohort, 5169 in the revision-augmentation cohort, 12,644 in the reconstruction cohort, and 4081 in the revision-reconstruction cohort ( Table 3 ). The styles of the Natrelle 410 device that were implanted varied by cohort, with most augmentations using full-or moderate-projection devices and most reconstructions performed with extra-full-or full-projection implants. The three most frequently used implants in the primary augmentation cohort were the full height, moderate projection, moderate height, full projection, and full height, full projection styles. In the revision-augmentation cohort, they were the full height, extra-full projection, moderate height, full projection, and full height, full projection styles. The full height, extra-full projection, moderate height, extra-full projection, and moderate height, full projection were the most commonly used in the primary reconstruction cohort, and the full height, extra-full projection, full height, full projection, and moderate height, full projection styles were used most frequently in the revision-reconstruction cohort.
The most frequently used implant sizes for each implant style were similar across respective primary and revision procedures (Table 3) . For example, for the full height, extra-full projection implants, the 360-cc and 495-cc sizes were favored for primary augmentation and revision-augmentation, respectively, whereas the 560-cc and 495-cc sizes were favored for primary reconstruction and revision-reconstruction, respectively. For the full-height, full-projection implants, the 375-cc size was favored for both primary augmentation and revision-augmentation, whereas the 375-cc and 425-cc sizes were equally favored for primary reconstruction and the 535-cc size was favored for revision-reconstruction.
Surgical Procedures
Augmentation procedures were mostly performed by means of an inframammary incision, and reconstruction procedures were mostly performed through an incision in the mastectomy scar (Table 2) . In each cohort, the majority of devices were implanted using a partial submuscular placement ranging from 52.7 percent in the primary reconstruction cohort to 88.2 percent in the primary augmentation cohort. Complete submuscular placement was the next most common for both the primary reconstruction and revisionreconstruction cohorts, and subglandular was the next most common placement in both the primary augmentation and revision-augmentation cohorts. Pocket irrigation was used in the majority of implant surgeries, ranging from 78.5 percent for primary augmentation to 90.4 percent for primary reconstruction. Antibiotics were included in pocket irrigation in at least 70 percent of the implant surgeries in each cohort, with povidoneiodine included in 16.8 to 22.4 percent and local anesthetics included in 11.8 to 28.4 percent of cases. The majority of augmentation procedures were performed in freestanding surgical facilities, whereas most reconstruction procedures were performed in hospitals. A small percentage of procedures were performed in a physician's office.
Capsular Contracture
Capsular contracture events occurred for 234 implants (2.3 percent) in the augmentation cohort, 212 implants (4.1 percent) in the revisionaugmentation cohort, 391 implants (3.1 percent) in the reconstruction cohort, and 164 implants (4.0 percent) in the revision-reconstruction cohort. Risk factors for development of capsular contracture varied across cohorts (Table 4) . Notably, device size and height did not significantly affect risk in any cohort. In the primary augmentation cohort, subglandular placement of the device was the strongest univariate risk factor for development of capsular contracture (adjusted risk ratio, 2.89; p < 0.0001). Older device age and periareolar incision site were also significantly associated with capsular contracture risk (both p < 0.0001). No subject-related risk factors were identified in the primary augmentation cohort. Older subject age was the only factor associated with capsular contracture risk in the revision-augmentation group (p < 0.0001). Higher body mass index levels (p = 0.0026) and absence of povidone-iodine pocket irrigation (p = 0.0006) were risk factors associated with capsular contracture in the primary reconstruction cohort. No significant risk factor was identified in the revision-reconstruction group. Double capsule formation was not prospectively followed in these studies; however, one anecdotal report of this complication was recorded.
Malposition
Malposition was reported for 147 implants (1.5 percent) in the primary augmentation cohort, 141 implants (2.7 percent) in the revision-augmentation cohort, 214 implants (1.7 percent) in the primary reconstruction cohort, and 112 implants (2.7 percent) in the revision-reconstruction cohort. Risk of malposition was not associated with any subject-or device-related factors, but was significantly associated with longer incision size in the primary augmentation cohort (p = 0.0003) and with capsulectomy performed at the time of implantation in the primary reconstruction cohort (p = 0.0028) ( Table 5 ). In the two revision cohorts, risk of malposition was two to three times higher for implantations performed in a physician's office compared with a hospital or standalone surgical facility (both p < 0.0001).
Late Seroma
Overall, seroma was identified more than 1 year after implantation in 31 of the 31,985 implants (0.1 percent). Rates were 0.06 percent in the primary augmentation cohort, 0.15 percent in the revision-augmentation cohort, 0.06 percent in the primary reconstruction cohort, and 0.22 percent in the revision-reconstruction cohort (Table 6 ). Development of late seroma was bilateral in five subjects and unilateral in 21 subjects. All unilateral cases occurred in the right breast. The cases of late seroma were insufficient to perform a risk factor analysis. All cases occurred with submuscular device placement. No obvious trends toward the development of late seroma were observed in relation to subject age or body mass index, device size, style, or incision site. Four cases of breast implant-associated anaplastic large cell lymphoma were reported. One case each was reported in the augmentation, revision-augmentation, reconstruction, and revision-reconstruction cohorts. In these four subjects, breast implantassociated anaplastic large cell lymphoma was diagnosed from approximately 3.5 to 11.6 years after implantation.
DISCUSSION
The present analysis reaffirms the safety of the Natrelle 410 breast implant in women undergoing primary breast augmentation, postmastectomy breast reconstruction, or revision after augmentation or reconstruction. Across the four cohorts, the incidence of capsular contracture ranged from 2.3 to 4.1 percent, implant malposition ranged from 1.5 to 2.7 percent, and late seroma ranged from 0.1 to 0.2 percent. The lower end of incidence rates was found in subjects who underwent primary breast augmentation, and the higher incidence rates were reported for subjects who underwent revision surgery. These rates are similar to those reported in earlier studies of Natrelle 410 breast implants at comparable follow-up time points.
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The risk of capsular contracture was associated with a periareolar incision site and subglandular device placement in the primary augmentation cohort, consistent with findings from other studies with large cohorts. 8, 14, 15 In the studies by Namnoum et al. 14 and Stevens et al., 15 the risk of capsular contracture was also significantly higher (p < 0.03) with smooth surface devices versus those having a textured surface, consistent with the low rate of capsular contracture associated with Natrelle 410 breast implants. Device age was also identified as a significant risk factor for capsular contracture in the primary augmentation cohort in the current study (p < 0.0001), reflecting the small increasing rate of this complication over time. Modest increases in capsular contracture rates over time have been reported with Natrelle 410 and other breast implants during long-term follow-up. 5, 8 Higher body mass index was identified as the only significant risk factor for capsular contracture in the primary reconstruction cohort. Other studies have shown capsular contracture risk to be associated with postmastectomy radiation therapy. 16, 17 However, information about postimplantation radiation therapy was not collected in the current study.
Triple-antibiotic pocket irrigation has been reported to reduce the incidence of capsular contracture after breast augmentation and reconstruction. 18 Although antibiotic irrigation was delivered in the majority of cases in this study, the nature of the regimen was not collected. Because multiple bacteria have been implicated in producing capsular contracture, the irrigation antibiotics delivered may not necessarily have provided adequate coverage against these organisms.
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The risk of implant malposition was associated with one risk factor in each cohort. These factors included longer incision size in the primary augmentation cohort, capsulectomy in the reconstruction cohort, and performing the implantation in a surgeon's office instead of a hospital or standalone surgical facility in the revision cohorts. In a previous analysis that included smooth and textured implants, the rate of moderate to severe malposition was lower with inframammary incision sites versus periareolar or axillary sites; with subpectoral versus subglandular placement; and with Natrelle 410 textured, shaped, highly cohesive silicone-filled breast implants versus smooth surface, round, silicone-filled breast implants. 14 The rate of late seroma observed with the Natrelle 410 breast implant is consistent with the overall rate reported for breast implants in general, 10 although higher rates of late seroma have been reported in smaller studies of subjects with breast implants. 20, 21 No significant risk factors for late seroma were identified with the Natrelle 410 breast implant, reflecting the small number of late seroma cases [26 of 17,656 subjects (0.15 percent) and 31 of 31,992 implanted devices (0.10 percent)]. It was recently suggested that late seroma may be a phenomenon related to textured implants. 13 However, as the rate observed in this study is similar to that reported for breast implants in general, it is unlikely that the Natrelle Plastic and Reconstructive Surgery • January 2017 410 breast implant itself confers an incremental risk of late seroma relative to other implants. Higher complication rates have been associated with extra-full projection implants compared with lower profile implants. 22, 23 However, the risk of capsular contracture, malposition, or late seroma was not associated with the size or the projection of the Natrelle 410 breast implants.
The findings of this study should be considered in light of the fact that results depended on the consistent reporting of complications by the investigators, thereby introducing a potential for bias. The investigators who participated in the Continued Access and the Continued Access Reconstruction/Revision Expansion studies were experienced surgeons who had participated in a previous pivotal trial of the Natrelle 410 breast implant or in another Allergan-sponsored study of shaped gel implants. Although individual investigators are likely to be consistent in their reporting of complications, differences in reporting may be expected between the many investigators who participated in these studies. Despite this limitation, the results of prospective multicenter studies are likely to be less biased than results obtained from retrospective analyses. In addition, although the incidence of capsular contracture was low, data on the course of radiation therapy in these subjects are limited. Therefore, conclusions about the impact of radiation therapy on capsular contracture cannot be drawn. The incidence of late seroma was also low in this analysis; however, definitive information may require follow-up at later time points. Although long-term follow-up in large cohorts of subjects presents substantial challenges, additional rigorous, prospective studies will continue to strengthen our understanding of the potential relationships between breast implant devices and procedures and late complications, such as seroma and capsular contracture. Recognition of the incidence of double capsule formation and its potential association with various breast implant procedures and devices was not well recognized when these lengthy studies were initiated, but evolved over the course of the studies. 24 Double capsule formation was not prospectively followed; thus, no conclusions on incidence or associated risk factors can be drawn.
CONCLUSIONS
These findings reaffirm the low rates of complications in subjects receiving Natrelle 410 breast implants in primary and secondary surgical settings. Knowledge about the risk factors associated with capsular contracture and implant malposition may offer additional guidance to surgeons for reducing complication rates and optimizing outcomes. 
